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Abstract

Background In addition to the observation of an increased
viremia among patients with chronic hepatitis C virus
(HCV) infection who undergo renal transplantation, fibro-
sis and necroinflammatory activity have been noted to
worsen comparing pre- and post-renal transplantation liver
biopsies in some of these patients. Apart from the reported
reduced patient and allograft survival rates, post-transplant
diabetes mellitus, de novo glomerulonephritis, and an
increased overall risk of infection have been observed.
However, antiviral therapy for HCV is generally consid-
ered contraindicated among patients with solid organ
transplants, with the main worry being the risk of acute
rejection in relation to the use of interferon. We reported
the long-term outcome of four renal transplant patients
with chronic HCV infection who received peginterferon-
based therapy.

Methods We collected the long-term follow-up data of
four patients who completed the therapy with peginterferon
in combination with ribavirin. Two of them had renal
impairment at baseline.

Results With treatment, they had a significant improve-
ment in terms of serum liver transaminase level, and two
patients achieved the early virological response and the
other two rapid virological response. All four patients
achieved sustained virological response, with neither HCV
flare up nor renal dysfunction during follow-up for a mean
duration of 74.3 months after therapy.
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Conclusions These results suggest that sustained HCV
virological response may be achieved without allograft
dysfunction, in selected renal transplant patients using a
peginterferon-based therapy.
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Introduction

Hepatitis C virus (HCV) infection is one of the leading
causes of chronic liver disease [1], death from liver disease,
and indication for liver transplantation [2].

While it is known that patient survival is signifi-
cantly higher in HCV-positive renal transplant patients
than in HCV-positive dialysis patients [3], these
patients have their own peculiar difficulties when
compared with those without the infection. Patients
with HCV infection who undergo renal transplantation
have reduced survival rates, as do their grafts [4-7].
They are at high risk of developing post-transplant
diabetes mellitus [8], as well as de novo glomeru-
lonephritis post-transplantation [9, 10], and, in general,
an increased risk of infection [11]. However, antiviral
therapy for HCV is generally considered contraindi-
cated among patients with solid organ transplants. This
was mainly based on the results of uncontrolled studies
where response rates have been unsatisfactory with
graft rejection being a consistent problem [12-14]. It
has thus been suggested that only HCV-positive patients
with fibrosing cholestatic hepatitis [15] should be trea-
ted with interferon-based antiviral treatment post-renal
transplantation, knowing the much-worsened prognosis
in this particular group of patients.
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These previous data are mainly coming from studies
looking at patients treated with the conventional interferon
rather than peginterferon, with or without ribavirin. Now
that we have been using routinely peginterferon, with its
better efficacy when compared with the conventional agent,
especially when combined with ribavirin, we are desperate
to learn more about their long-term efficacy among the
renal transplant recipients, acknowledging the evolution of
having alternative therapies with greater safety and efficacy
than interferon and ribavirin.

We reported the long-term outcome of four successive
renal transplant patients with chronic HCV infection who
completed the therapy with peginterferon in combination
with ribavirin; among the ten such patients, we have
encountered during the years from 2006 to 2011. We
reported their outcome alongside with five of the six HCV
patients who have not received such antiviral therapy,
beginning at a time point, which corresponds to the average
duration post-transplantation (60 months) before starting
antiHCV therapy in the treated group. The other untreated
patient not included in the table died of decompensated
hepatic failure from chronic active hepatitis at around
4-year post-transplantation. We have followed the recom-
mended doses of peginterferon alfa-2a of 135 pg subcu-
taneously once weekly, together with ribavirin,
200-800 mg per day in two divided doses for the two
patients with renal impairment [16].

Methods

Among 212 renal transplant patients being followed during
the period from 2006 to 2011 at our center, 10 patients
were found to have chronic HCV infection. For each
individual patient, we have considered the liver function,
liver biopsy findings, as well as allograft function, history
of rejection, and stability of therapeutic drug levels of
immunosuppressive therapy, before offering antiviral
therapy for HCV. We have explained fully the possible
risks and benefits of the antiviral therapy and that of future
possible deterioration in liver function. We have stressed
the importance of compliance with treatment throughout
the expected duration of therapy and tried to reach a joint
decision with every individual patient through consensus
building. Four patients consented to the therapy and had
treatment completed during the period from 2006 to 2011.
We are reporting their outcome, alongside with the five
(out of the six) HCV patients who have not received such
antiviral therapy, beginning at a time point which corre-
sponds to the average duration post-transplantation
(60 months) before starting antiHCV therapy in the treated

group.

Results

Four renal transplant recipients with chronic HCV infec-
tion, transplanted between 2001 and 2007, received the
antiviral treatment (Table 1). They were all male and had
the cadaveric kidney transplantation performed outside
Hong Kong. Three patients had the HCV infection diag-
nosed after cadaveric renal transplantation, after a mean
interval of 18 months (range 1-27). There was no blood
transfusion history in our own unit for all patients during
the interval between the last negative antiHCV antibody
test and the time of diagnosis of HCV infection, though the
blood transfusion record during the peri-operative period
has not been available to us. The mean age at renal
transplantation was 43 years (range 24-55). The mean age
at the time of diagnosis of HCV infection was 43.3 years
(range 24-58). The mean gap between renal transplantation
and antiviral therapy was 61 months (range 38-81),
reflecting that these patients had been observed for a period
of stable allograft function, before the consideration of
antiviral therapy. All patients received triple immunosup-
pressive therapy (Table 1). The baseline data of five out of
the six HCV patients who have not received such antiviral
therapy are also presented for comparison, beginning at
60-month post-transplantation, a time point that corre-
sponds to the average duration before starting antiHCV
therapy in the treated group. The remaining untreated
patient suffered from fatal hepatic failure at around 4 year
post-transplantation, and is thus excluded here. Two of
these five untreated patients had history of acute rejection
early post-transplantation, while the other three patients
chose not to receive therapy after thorough deliberation on
the risks and benefits.

At baseline before the commencement of antiviral
therapy, the mean serum creatinine level was 122 (range
64-169 pmol/l) and none had a history of biopsy proven
acute rejection (BPAR). They all were noted to have good
drug compliance. Only one of the three patients who had
the HCV infection diagnosed post-renal transplantation had
a positive antiHCV antibody (Version 4.0, Murex Biotech
SA (Pty) Ltd., Kyalami, South Africa), and HCV infection
was diagnosed by detection of serum HCV RNA in the
other two. The mean serum alanine aminotransferase
(ALT) level was about 4 times that of the upper limit of
normal (131.5 IU/ml), and the baseline HCV RNA level
was at the range of 3.4-8.2 x 10° IU/ml, measured by
standardized quantitative real-time polymerase chain
reaction assay (detection limit 30 IU/ml, Abbott Labora-
tories Ltd, Abbott Park, Illinois, USA). The initial viral
titre was not available in one patient prior to treatment,
though his HCV RNA was positive by PCR and reviewed
genotype 1b. Two of these four patients had genotype 1b
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Table 1 Characteristics of
patients either at the time of

Treated (n = 4) Untreated (n = 5)

HCV treatment, or at the
defined time of 60-month post-
transplantation for the untreated

group

Age at transplantation (year)
Sex (M:F)

Cadaveric:living

Duration of transplantation before treatment (months)
Duration of HCV before treatment (months)

Immunosuppression (no. of patients)

CyA 4+ MMF + Pred
FK506 + MMF + Pred
CyA + Aza + Pred
mTORi-based
CyA + Pred

Serum creatinine (pmol/1)

Serum alanine aminotransferase (IU/ml)

HCV genotype
1b
3
6
HCV RNA (10* IU/ml)

43 (24-55) 50 (37-68)
4:0 3:2

4:0 5:0

61 (38-81) 60"

61 (10-137) -

3 1

1 1

- 1

- 1

- 1
122 (64-169) 127 (75-209)
131.5 (63-256) 46.8 (12-195)

2 3
2 1
- 1
528 (344-820) 358 (183-500)

Aza azathioprine, CyA cyclosporine, MMF mycophenolate mofetil, m7TORi mammalian target of rapamycin

inhibitor, Pred prednisolone

and the other two genotype 3. Liver biopsy was performed
on the two patients with 1b genotype and showed features
of chronic hepatitis with increased lobular activity (Metavir
grade 2 and stage 0) in one, and cirrhosis in the other. The
other two patients had declined the offer of liver biopsy.
The baseline renal function of the untreated group was
quite comparable to the treated patients, though numeri-
cally; the untreated patients had a slightly lower average
viral load and ALT level (Table 1).

We have followed the recommended doses of pegin-
terferon alfa-2a (Pegasys®, F. Hoffmann-La Roche Ltd.,
Basel, Switzerland) of 135 pg subcutaneously once
weekly, together with ribavirin (Copegus®, Patheon Inc.,
Mississauga, Canada) at 200-800 mg per day in two
divided doses, starting low and titrating up slowly as long
as side-effects were manageable [16], for the two patients
with significant renal impairment. All four patients had
cytopenia that required either ribavirin dose reduction or
temporary cessation of the agents for 1-2 weeks. The
trough total peripheral white blood cell and platelet counts
were 1.5-2.6 x 10”1 and 73-106 x 10%/, respectively.
These were not associated with any clinical consequences
and were transient. The anemia responded to erythro-
poiesis-stimulating agents given in three patients. Only one
patient complained of flu symptoms at the initial phase of
therapy, but he could manage to complete the whole course
of therapy.

With this combination antiviral therapy, there was a
significant improvement in terms of serum ALT level, and
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two patients achieved the early virological response (de-
fined as a >2 log reduction compared with the baseline
level or complete absence of serum HCV RNA at week 12
of therapy, both genotype 1b) and the other two rapid
virological response (defined as undetectable serum HCV
RNA at week 4 of therapy, both genotype 3). All four
achieved sustained virological response (SVR, defined as
continued absence of detectable serum HCV RNA at week
12 after completion of therapy), with neither HCV flare nor
renal dysfunction during follow-up for a mean duration of
74.3 months after therapy (Tables 2, 3). In contrast, the
HCV RNA level has increased over the duration of follow-
up, not to mention the one patient with fatal hepatic failure
at around 4-year post-transplantation. In addition, there
was a trend towards a higher serum creatinine level,
including one who was back to dialysis therapy after failed
allograft due to chronic antibody-mediated rejection. This
contrasts with the slight renal function improvement
among the treated patients.

Discussion

Similar to hepatitis B virus, there is evidence that HCV has
a direct role in carcinogenesis [17], not to mention its
specific relationship with proteinuria [18], metabolic
abnormalities [19], including steatosis, insulin resistance,
type 2 diabetes, as well as extrahepatic diseases like mixed
cryoglobulinemia [18]. Among HCV-positive patients in
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Table 2 Mean blood parameters and hepatitis C virus RNA at different stages of therapy or at the same time points counted from 60-month post-

transplantation for the untreated group

Baseline 12-week Rx 24-week Rx 48-week Rx* 24-week post-Rx At last follow-up
Treated (n = 4)
AST (IU/ml) 51.3 61.8 54 39 20.5 17
ALT (IU/ml) 51 453 535 41.5 19.5 15.3
Bilirubin (pmol/l) 18.5 17.8 15.3 13 14.8 11.3
HCV RNA (10* TU/ml) 528 All UD All UD All UD All UD All UD
WBC (10°/1) 5.4 2.8 2.6 3 6.3 6
Hemoglobin (g/dl) 12.3 9.7 10.4 11.5 13.9 12.9
Platelets (10%/1) 172.8 149.3 147.3 114.5 188.8 179.8
Creatinine (pmol/l) 122 125.8 107.5 127.5 109 107
eGFR (ml/min/1.73 m®) 67.1 65.3 72.8 55.5 69.4 72.1
Untreated (n = 5)
AST (IU/ml) 30 31.2 27.6 36.2 34.6 21.4
ALT (IU/ml) 46.8 67 60.5 68.2 74.6 247
Bilirubin (pmol/l) 19 20.4 16.6 14.8 15.2 15.2
HCV RNA (10* TU/ml) 358 349 339 373 853 2607
WBC (10°/1) 59 6.1 6.4 6.2 7.1 6.6
Hemoglobin (g/dl) 12.9 12.6 11.9 11.8 12.3 114
Platelets (10°/1) 235.2 253.0 251.4 254.0 262.8 220.6
Creatinine (pmol/l) 127.0 129.2 134.4 139.6 146.2 544.8°
eGFR (ml/min/1.73 m?) 57.4 55.1 54.7 51.1 51.5 32.6"

AST aspartate aminotransferase, ALT alanine aminotransferase, eGFR estimated glomerular filtration rate, HCV hepatitis C virus, UD undetected,

WBC white blood cells count
 For the 2 patients with genotype 1b

® Including a patient back to dialysis after failed allograft due to chronic antibody-mediated rejection

Table 3 Improvement in liver enzymes and hepatitis C virus RNA at different stages of therapy and follow-up

Baseline 24-week Rx 48-week Rx 24-week post-Rx At last follow-up
No. of patients with normal AST 1 3 4 4
No. of patients with normal ALT 1 2 4 4
No. of patients with undetectable HCV RNA - 4

AST aspartate aminotransferase, ALT alanine aminotransferase, HCV hepatitis C virus

the general population, the risk of developing cirrhosis
varies from 5 to 25% over periods of 25-30 years [20, 21].
This progression may be accelerated in persons who are
immunosuppressed [22], though the available prospective
studies assessing liver histology in HCV-positive renal
transplant recipients revealed controversial results [23-26].
Concurring with the observation of the increased viremia
among these patients [27, 28], Uehara et al. observed that
fibrosis worsened in 50% of the patients, while necroin-
flammatory activity worsened in 32%, when comparing
pre- and post-renal transplantation liver biopsies [29]. The
use of immunosuppressive therapy might also play a role in
the liver disease progression [30].

Three of our four patients had the HCV infection diag-
nosed after cadaveric renal transplantation, and with only a
lapse of 10-65 months, their liver function had already
been impaired significantly. Liver biopsy in two of them
showed evidence of chronic hepatitis or cirrhosis. In our
institution, we routinely screened for antiHCV post-trans-
plantation, for twice in the first 6 months. However, the
exact timing of the infection could not be ascertained as
two of the four patients were negative for antiHCV post-
transplantation and the infection was only picked up by
detection of serum HCV RNA, echoing the experience by
others in the context of immunosuppressed status [31]. We
could not ascertain the source of the HCV infection, be it
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from the transplant organ or peri-operative blood transfu-
sion, or through alternative routes, as a result of the lack of
transplantation and operation records, though we have no
history of blood product transfusion in our own unit for all
these patients, the confidence from the universal screening
for HCV in the local Red Cross service aside.

The search for newer antiviral regimens targeting HCV
is progressing nonstop with many different agents in trial,
including agents derived from current treatment (e.g.,
taribavirin, a liver-targeted formulation of ribavirin), and
those that are targeting at HCV-encoded proteins (e.g., the
NS3/4A protease, the NS5A nonstructural proteins, and the
NS5B RNA-dependent RNA polymerase) or host-encoded
proteins. All oral combinations of these agents are now
possible, e.g., daclatasvir, an NS5A protein inhibitor, and
asunaprevir, an NS3/4A serine protease inhibitor, have
been shown to be highly effective even in unfavorable
settings [32]. However, the newer direct acting antiviral
(DAA) agents are yet to be affordable in most countries,
despite the positive results from the early clinical studies
and updated guidelines [33], and thus, peginterferon and
ribavirin therapy have remained the core treatment com-
monly used clinically. For the general population, the
currently recommended duration of therapy for chronic
HCYV infection with the combination of a peginterferon alfa
and ribavirin should be based on the viral genotype and the
initial response to treatment [34].

Referring to the 2009 American Association for the
Study of Liver Diseases guideline, patients with solid
organ transplants are among the group for whom
antiviral therapy is generally considered contraindicated
[34]. This was based on the results of uncontrolled
studies looking at patients treated with the conventional
interferon, with or without ribavirin where response rates
have been low and yet graft rejection being a consistent
problem, with rates up to 71.7% [12—14]. These findings
were likely influenced by the type of immunosuppression
regimen used, timing of treatment in relation to trans-
plantation, mixture of different genotypes of the HCV,
liver status at the time of treatment, as well as host
factors like recipient age [30]. Interferon increases the
expression of cytokine genes and surface expression of
human leukocyte antigens, and may result in production
of donor-specific alloantibodies and increase the likeli-
hood of humoral-mediated rejection [35]. It has thus
been suggested that only patients with fibrosing chole-
static  hepatitis [15], progressive HCV-associated
glomerulopathy [36], or life-threatening vasculitis [37]
should be treated with interferon-based antiviral treat-
ment post-renal transplantation. However, such an
approach might have forfeited the best occasion to
eradicate HCV, as severe fibrosis and cirrhosis have
been proven to be negative predictors of SVR [38].
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In the context of an immunosuppressed state, the
observed increased viremia among renal transplant patients
[27, 28] may theoretically be associated with a lower
chance to achieve an SVR [34, 39]. However, there are
some recent data revealing the possible association
between the use of immunosuppressive regimens and
beneficial effects on necroinflammatory activity of HCV-
related liver disease, or even an improved patient survival
[30]. In a meta-analysis of 102 renal transplant recipients
with HCV infection treated with the conventional inter-
feron-based therapy, the efficacy in terms of achieving
SVR was only 18%, a figure inferior to the reported one for
the non-transplant general population; while the drop-out
rate was 35% [40].

The long-acting pegylated IFN may supposedly have a
higher risk of inducing acute rejection [36]. Pegylation has
also made interferon less susceptible to renal clearance
than the conventional agent [41], it has generally been
recommended to use reduced doses in patients with mod-
erate-to-advanced renal failure [42]. Pageaux et al. reported
the low risk of renal dysfunction, acceptable tolerance, and
significant virological efficacy among 8 renal transplant
patients treated with peginterferon, with or without rib-
avirin [43]. Aljumah et al. reported a 5.3% incidence of
acute rejection or chronic allograft nephropathy in 19
patients similarly treated [44]. Sanai et al. studied the same
in 32 renal transplant recipients of more than 12-month
duration [45]. None of the patients with incremental and
sustained serum creatinine increases (6.3%) had BPAR,
and this compared favorably to 16.1% among untreated
historical controls. Among non-cirrhotic patients, SVR was
achieved in 46.2%, but none of the cirrhotic patients
obtained an SVR. This contrasts significantly with the
overall SVR rate of 56-94% (depending on EVR and HCV
viral load) generally expected from the use of peginterferon
and ribavirin in the general population without kidney
transplantation [34, 45]. In the three studies involving 59
patients in the meta-analysis by Wei et al. [46], using
peginterferon plus ribavirin, the overall SVR rate was
40.6%, comparing favorably with the 20.9% observed in
patients given standard interferon-based therapy. The
overall allograft rejection rate among whole cohort (both
therapies combined) was 4%.

While liver biopsy has widely been regarded as the
“gold standard” for defining the liver disease status, it has
risks [47] and is subject to sampling error [48]. The role of
biopsy for defining the fibrosis stage, even in patients with
genotype 1 infection, is at present in a state of flux and
possible transition [34]. We have offered the antiviral
therapy to two patients who declined liver biopsy when
they accepted the therapy in light of the possible evolution
of HCV infection in their context of an immunosuppressed
state.
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In our series with long-term follow-up, the good SVR
achieved without allograft dysfunction only refers to
genotypes 1 and 3, the two common types in both Asia and
globally. The results might not be generalizable to patients
with other HCV genotypes. Treatment of chronic HCV
infection in the first year after transplantation may increase
the risk for acute rejection [35, 39]. Antiviral therapy might
be safer if given years after transplantation and in patients
with stable graft function, no history of rejection [49, 50],
and have therapeutic drug levels of immunosuppressive
therapy. Following all these recommendations religiously,
we have highly selected the group of HCV-positive renal
transplant patients for consideration of therapy, excluding
patients with higher than normal immunological risk,
except for one patient with his second transplantation,
acknowledging his deteriorating liver function and
aggressive liver biopsy findings. This patient with cirrhosis
responded to therapy achieving SVR along with the other
non-cirrhotic patients. They all did not have history of
BPAR and renal function had been observed to be stable,
and treatment was started at 38-81 months after the
transplantation. We have also witnessed good compliance
to therapy despite the side-effects experienced, including
the brief cytopenia that required timely dose titration, and
flu-like discomfort. We have had no drop-outs and the
scheduled duration of therapy was duly completed. All
these would have contributed to the successful achieve-
ment of SVR without allograft dysfunction.

Though not being practiced at our center at the time the
antiviral therapy was offered to this group of patients, there
have been other measures that would allow a better
assessment of the immunological risk before consideration
of therapy. Protocol allograft biopsy would help to rule out
sub-clinical rejection [37]. The measurement of serum
donor-specific HLA antibody would allow detection of
antibodies against unacceptable antigens, and thus help
predict the future immunological risks associated with
therapy. An ever-expanding array of biomarkers, from gene
expression, genomics, proteomics and metabolomics,
obtained from blood, urine, or kidney tissue is becoming a
powerful diagnostic tool to predict transplant outcomes
[51].

The decision to treat a renal transplant patient with
interferon-based antiviral therapy must be individualized.
While there is still a paucity of data in this special group of
patients, the current evolution towards DAA-based therapy
that can at the same time avoid drug—drug interactions with
immunosuppressive drugs for renal transplant recipients
might serve the ultimate solution. Indeed, the newest
AASLD guideline has already included organ transplant
recipients among patients being given the highest priority
for HCV treatment because of the high risk for severe
complications [33], financial implications aside.
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